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New Cement Works at Shoreham, Sussex. 

A NEW works for the British Portland Cement Manufacturers, Ltd., is being 
built near Shoreham, Sussex, with a capacity of 350,000 tons a year, to replace 
a small works which has been in operation for the past fifty years. Drawings 
showing the arrangement of the buildings are given on pp. 22, 28 and 29. 

The new works is to a large extent being built in the quarry of the old works, 
but owing to restriction of the site the main railway sidings, coal-handling plant, 
cement-packing plant, and a new office, canteen, and laboratory buildings are to 
be situated on the site of the old works. The plan (pp. 28 and 29) and the 
elevations (see page 22) show that modern ideas of the handling and storage 
of large quantities of bulk materials have been followed so far as the site will 
allow. The existing quarry floor is roughly at road level, and the hard chalk 
provides an excellent foundation and a fairly level site. The power is to be 
supplied by the British Electricity Authority at 33,000 volts, and will be transformed 
to 3,000 volts before entering the substation. All motors over 100 h.p. will be 
3,000-volt machines and the smaller motors 415 volts. The total power installed 
will be between 9,000 and 10,000 h.p., and the anticipated maximum demand is 


about 5,100 kva. 
Raw Materials. 


The new chalk quarry, which will, in the future, become an extension of the 
present quarry, will have a maximum height of face of about 300 ft., and will be 
worked in benches. For many years the chalk will be excavated considerably 
above the general level of the works, and it is proposed to install a large crusher at 
high level with a gravity chute into a store at the works below. The quarry plant 
will generally be worked for about forty hours per week, and will include a 3}-cu. 
yd. Ransomes-Rapier navvy loading 9-cu. yd. Aveling-Barford dumpers, which 
will discharge into the large-toothed roll-crusher capable of taking pieces up to 2 
tons in weight and reducing the material to about Io-in. cube. The crushed 
material will fall by gravity into a large open store providing a little more than 
24 hours’ supply for the washing plant. The crushing plant is being supplied by 

(21) B 
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Messrs. Edgar Allen & Co., Ltd., and will have a capacity of about 300 tons per 
hour. An electric crane with a 5-ton grab load by Messrs. Carruthers & Co. will 
take the material from the store at the rate of about 100 tons per hour and deliver 
it to a 20-tons feed hopper from which a Locker-Traylor feeder will discharge it 
on to 30-in. Sutcliffe band conveyors feeding directly to the slurry-washing plant. 

The clay will be obtained from a pit about three miles from the works. A 
Stothert & Pitt multi-bucket excavator is being installed with 24-in. Sutcliffe 
belt-conveyors to excavate and convey the clay to a 24-ft. diameter washmill in 
the pit. The slurry will be pumped by 3-throw Ernest Newell high-pressure pumps 
through 8-in. mild-steel pipelines about three miles long to a storage tank adjacent 
to the chalk-washing plant. 

Two 35-ft. diameter rough mills, one 35-ft. secondary mill, and three 35-ft. 
screening mills will be provided to reduce and screen the chalk to slurry. These 
washmills have been designed by the Company’s engineering department and 
are being made by Messrs. Head, Wrightson & Co., Ltd. The drives are a new 
development, incorporating David Brown gear boxes, with a final drive of straight 
spur-wheel and pinion in place of the more usual bevel-wheel and pinion. The 
rough and secondary mills will each be driven by 350-h.p. Metropolitan-Vickers 
motors, and the screening mills each by a 100-h.p. motor by the same maker. 
The flint and grit will be extracted from the chalk during the washing process, 
and a washing plant will be installed to deal with this by-product ; the wash- 
water will pass through a Dorr-Oliver classifying and thickening system in order 
to obtain a reasonably clean effluent. 

After the slurry leaves the washmills it will pass through mixing tanks before 
it reaches the final storage tanks. Air agitation will be used throughout for mixing 
purposes, and Wilfley centrifugal pumps will transport the slurry from the wash- 
mills to the mixing plant and storage tanks. The slurry will be fed to the kilns 
by Edgar Allen 3-throw plunger pumps, with variable-speed spoon-feeders to 
control the quantity delivered to each kiln. 


The Kilns. 

The two kilns are being supplied by Messrs. Vickers-Armstrongs, Ltd., and 
are each 350ft. long by 10 ft. diameter at the barrel and 11 ft. 6 in. at the burning 
zone. Rotary clinker coolers are being supplied by Ernest Newell & Co., Ltd., and 
are go ft. by gft. The details have been developed by the Company’s 
engineers in conjunction with the makers, and they incorporate many features 
resulting from practical experience with many types of rotary kilns and coolers 
during the past forty years. 

To deal with the dust in the exhaust gases, electrostatic dust-collectors— 
one for each kiln—are being provided by the Sturtevant Engineering Co., Ltd. 
The precipitators are arranged to operate under suction from Keith Blackman 
induced-draught fans, both kilns discharging into a reinforced concrete chimney 
300 ft. high and lined with brick throughout. 

Four No. 18 Alfred Herbert attritors will be installed to grind the coal. This 
arrangement will permit periodical overhauls of the attritors to take place without 
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stopping the kilns. Reinforced concrete coal bunkers of 700 tons capacity are 
being provided. 
Grinding Plant. 

After leaving the coolers the clinker will be conveyed by duplicate Edgar Allen 
shaker-conveyors to belt-conveyors, which will deliver either into the main clinker 
store or directly to a Redler conveyor discharging into the grinding-mill bunkers. 
The shaker-conveyors will be fitted with screens so that only 14-in. material will 
be delivered on to the belt-conveyor, oversize lumps being delivered into a pit in 
the main clinker store from which they will be recovered by a grab-crane and 
passed through a crushing plant. The crushed clinker will also be taken into the 
main clinker store by a grab-crane. 

The cement-grinding plant will comprise two 1,200-h.p. Vickers mills each 
8 ft. 44 in. diameter by 45 ft. long, one 800-h.p. Newell mill 7 ft. 6 in. diameter by 
40 ft. long, and one 400-h.p. Newell mill. The mills are all centrally driven ; the 
1,200-h.p. gear boxes are being supplied by Turbine Gears, Ltd., and the 
800-h.p. gear boxes by Messrs. David Brown, Ltd. The motors are all by 
Metropolitan-Vickers Electrical Co., Ltd. The 400-h.p. mill is being included 
to permit flexibility in power demand. 

About eight hours’ supply of clinker will be provided in the grinding-mill 
hoppers, and the feed to all the mills will be by band feeders the speed of which 
will be automatically controlled by “‘ Adequate ’’ weighers. Separate hoppers 


for gypsum will be provided over each mill, and band feeders will be used to control 


the rate of feed to the mills. 

Dust-extraction plants are being installed by the Visco Engineering Co., Ltd. 
Wherever practicable all places where dust might be emitted are to be sealed and 
the dust exhausted. - For example, every transfer point in the conveyor system 
for coal, clinker, and cement is being connected to a dust-collecting plant. 

Transport and Storage. 

The coal and gypsum and the general stores will be delivered by railway. An 
extensive system of tracks will be constructed, and sidings are being provided to 
permit the use of sixty-wagon trains and for incoming and outgoing trains to 
operate between midnight and 6a.m. As the packing of cement and the unloading 
of coal will normally be done in the daytime, large storage sidings are required. 

There will be no elevators apart from two in the packing plant. All elevating 
in the main production line is done by inclined conveyors. 

The finished cement will be transported by a duplicate system of Redler and 
belt conveyors delivering directly to the main storage silos, from whence it will 
be taken by a further system of Redler and belt conveyors to the storage silos over 
the packing plant. 

Coal and gypsum will be brought into the works by railway. They will be 
unloaded at the site of the old works by a tippler and delivered on to high-level 
belt-conveyors delivering either directly to the main store or through a crushing 
and screening plant to the kiln and the coal hoppers. The complete unloading 
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system, comprising tippler, belt-conveyors, etc., for coal and gypsum, is being 
supplied by Mitchell Engineering, Ltd. 

The main store for clinker, gypsum, and coal extends the entire length of the 
kiln building ; it is about 500 ft. long and provides space for 15,000 tons of clinker, 
2,000 tons of gypsum, and 5,000 tons of coal. Two Stothert & Pitt overhead 
travelling cranes of 75-ft. span and with 5-tons grabs will serve this store. It is 
expected that under normal operating conditions one crane will be sufficient for 
the movement of materials in the store. Either crane can feed clinker and 
gypsum directly to the grinding-mill hoppers. Coal will be taken from the store 
to the hoppers on belt-conveyors. The cranes can also be used in an emergency 
to take the clinker from the shakers either to store or directly to the mill hoppers. 

Twelve cement-storage silos with a total capacity of 15,000 tons are being 
provided on the site of the main works, and there is space for four more. As 
the packing plant is being built on the site of the old works, that is remote from 
the main storage, two silos, each with a capacity of about 800 tons, are also being 
provided at the packing plant. 

Packing Plant. 

The cement-packing plant will be capable of loading at the rate of 200 tons per 
hour, that is 100 tons per hour to lorries and 100 tons per hour to railway trucks 
at the same time. Two twelve-spout F. L. Smidth “‘ Fluxo”’ packers are to be 
installed, and by a system of belt-conveyors the packed bags from either machine 
can be taken to the lorry-loading or rail-loading bays. The extraction system 
from the packing-plant silos is being supplied by Messrs. F. L. Smidth & Co. Ltd., 
and the main packing-plant elevators by Messrs. Ernest Newell & Co., Ltd. 

A three-story office block is being built, incorporating on the ground floor 
chemical and physical laboratories, first-aid room, men’s locker-room, washroom, 
baths, showers, lavatories, and w.c.’s. The second floor will contain the offices, 
and the top floor will comprise canteen, kitchen, and dining rooms. One of the 
dining halls will be arranged so that it can be used for social functions. 

Considerable care and attention is being paid to the architectural features, 
in order that the completed works shall be generally pleasing to the eye and not 
spoil the landscape ; Mr. G. A. Jellicoe, F.R.I.B.A., is acting as consultant in this 
respect. The plan and the design of the plant are being produced by the engineer- 
ing staff of the Associated Portland Cement Manufacturers, Ltd., and Dr. Oscar 
Faber & Partners are acting as corisultants for the civil engineering work for which 
Messrs. John Laing & Son, Ltd., are the main contractors. Messrs. Bierrum & 
Partners, Ltd., are the sub-contractors for the reinforced concrete work, and 
Messrs. Redpath, Brown & Co., Ltd., for the structural steelwork. Messrs. J. L. 
Kier & Co., Ltd., are the civil engineering contractors for the clay plant at Horton, 
and Cementation, Ltd., are laying the pipelines from the claypit to the works. 

[We hope to publish a further article on this works when it is in production]. 
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Burning Cement On a Moving Grate. 


IN a recent number of “ Revue des Matériaux ”’ a description is given of three 
moving grates installed for burning raw material in German cement works during 
the war. One is about 40 ft. long, 6 ft. 6in. wide, travels at about 2 ft. per minute, 
and has an output of about 350 tons daily. The fuel is coke, which is mixed 
with the dry raw material. The mixture is ground and, with a small proportion 
of clinker, fed by gravity on to the moving grate. A pulverised-coal flame plays 


1? 


Fig. 1.—A Moving Grate in a German Cement Works. 


upon a length of about 6 ft. of the grate and the material is subjected to a tempera- 
ture of 1,300 deg. C. to 1,400 deg. C. for about three minutes. The gases are drawn 
through the grate and material thereon and liberated to the atmosphere. From 
the end of the grate the burnt material falls into a crusher, from which it passes 
to the clinker stove. 

Fig. 1 is a diagram of the installation. The bins (1), (2) and (3) contain res- 
pectively crushed coke from about } in. down, crushed raw material, and crushed 
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clinker (0°3 in. down) and insufficiently-burnt material. The raw material comprises 
60 per cent. to 70 per cent. of limestone and the remainder is schist. The fuel and 
raw material are weighed at (4), mixed in the mixing screws (5), and pass to the 
granulators (6) where 12 per cent. to 15 per cent. of water is added. The compo- 
sition of the mixture is now about 100 parts of raw material, 65 parts of clinker 
0°3 in. down, 11 parts of coke, and 12 parts of water. The mixture passes to the 
calibrators (7) and then to the hopper (8) which feeds the grate (10). The clinker 
is brought along the conveyor (15) to the classifying screens (16), from which 
material less than 0°3 in. is discharged into bin (3) and material from 0°3 in. to 
0'5 in. is fed directly to the grate through the hopper (g). Pulverised coal is 
stored in the hopper (20) and is propelled by fan (19) to the ignition chamber (11). 

The grate (10) has a useful surface of about 270 sq. ft. Each link is about 
6 ft. 6 in. long and 3 ft. 3 in. wide, and comprises three ranges of o-4in.-diameter 
bars 10 in. to 12 in. wide. The method of fixing the bars permits replacements 
to be made easily while the grate is moving. About fifty bars are changed daily. 
The gap between the bars is about } in. The bed of clinker (0°3 in. to 0°5 in.) used 
as a refractory has a thickness of 2} in. to 4in. The granulated material from (8) 
forms a bed 12 in. to 16 in. thick. 

The bed of material passes under the ignition chamber (11), which covers a 
length of about 6 ft. 6 in. of the grate, and is subjected to a temperature of 1,300 
deg. to 1,400 deg. C. for a period of 3 minutes to 34 minutes. The grate then passes 
over eight flues, the temperatures of the gases in which vary as shown in Fig. 1, 
and in so doing the material on the grate is clinkered. The flues are connected to 
a main flue (17) which leads to a chimney (18). When the grate reaches the end 
of its travel, the material is discharged into a crusher (12) and removed by a 
conveyor (13). 

The power required is about go kw. per ton of cement. The thermal balance 
for the production of 250 tons of cement if coke having a calorific value of 5,200 
calories per ton is used, is: 

calories calories 
Coke .. a wo 960 Burning .. 3 ty) 
Firing. . oy + eS Die ‘ 2): aa 
From the schist +> (300 Carried away by flue gases 413 


—— Ditto, byclinker .. a 62 
1,206 Radiation .. ae a 62 


I,206 


The Hermann Goering Lime Works. 


The German Division (Documents Unit) of the Board of Trade has a compre- 
hensive set of drawings, dated 1939 and 1940, of the lime-burning plant of the 
Reichswerke A.G. fiir Erzbergban und Eisenhiitten Hermann Goering, at Salzgitter, 
Those drawings may be inspected, or copies supplied, on application to the 
Division at 38-46 Cadogan Square, London, S.W.1. 
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Fig. 2.—Plan of New Cement W 
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Strontium and Barium Ceé: ‘nts. 
By DR.-ING. AL. BRANISKI. | __ 


PORTLAND, iron-Portland, metallurgical, blast-furnace, Ferrari, and high-alumina 
cements are actually hydraulic limes which set when mixed with water. Their 
constituents in various proportions and chemical compositions are principally 
lime, silicic acid, alumina, and ferric oxide, but as it is the calcium content that 
produces their characteristic properties they may be considered as calcium 
cements. 

Because of the chemical similarity of the alkaline metallic minerals calcium, 
strontium, and barium, attempts, with which the writer has been connected 
since 1931, have been made to produce new cements from the carbonates of 
strontium (strontianite SrCO,) and barium (witherite), mixed with kaolin, 
refractory clay, or bauxite, when these substances are free of calcium compounds 
but rich in iron compounds. The possibility of producing barium cements, 
strontium cements, and barium-strontium cements was established. Generally, 
these new cements had more valuable properties than calcium cements. The 
results of the first investigations are reported in the proceedings of the Rumanian 
Chemical Society (‘ Bulletin of Pure and Applied Chemistry,” Vol. 37, 1934). 
Since then strontium cements and strontium-barium cements have been produced 
in small quantities principally for scientific purposes, but barium cements have 
been produced in larger quantities. Among recent research on these cements 
is that of W. F. Shurawlew, of Leningrad, who in 1940 showed that the strength 
and setting time of Portland cement containing up to 50 per cent. of barium-oxide 
were comparable with those of ordinary Portland cement, but that the density 
was greater and that the cement was impermeable to X-rays. In 1947 G. Gallo, 
in Italy, described the results of the total or partial substitution of lime by barytes 
in the manufacture of cement with the object of increasing the resistance to 
attack by sulphate waters. 

The fear that barium cement is poisonous has been shown to be unfounded, 
because it has been proved that the toxic soluble barium salts in the transitory 
phase change completely into insoluble and non-toxic products during the vitri- 
fication process in the presence of sufficient quantities of compounds of silica, 
alumina, and iron, such as kaolin, clay, and bauxite. These products are silicates, 
aluminates, ferrites, and ferro-aluminates of barium. Barium oxide freed during 
the setting of the cement is chemically combined by sea-water and by calcareous 
(hard) water, but it is washed away by distilled water or rain water and does 
not produce any great risk of poisoning. 

The cements investigated were produced in an experimental ceramic furnace 
(an enclosed furnace fired by compressed air and petrol vapour), or by an oxy- 
acetylene flame, or in an industrial refractory-products kiln modified to enable 
rapid cooling of the materials first calcined. 

The writer has shown that all alkaline cements are regenerable, that is that 
they can after setting and hardening be converted into their original form by 
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crushing, re-calcining. and recrushing. Regenerable cements generally have 
greater strengths thar ~u-regenerable cements obtained directly from primary 
or natural materials suc. .s limestone, witherite, strontianite, clay, kaolin, bauxite, 
etc. The regeneration, therefore, corresponds to an improvement in the properties 
of the cement. The writer has made many of these regenerations, even up to 
the tenth, with simple calcium, strontium, and barium cements. It is found 
that the increase of strength as well as the general improvement of other useful 
properties varies, it being greater in the first regenerations and less in subsequent 
regenerations until a certain maximum is attained. This maximum is attained 
after the third regeneration for calcium cements, after the fifth for barium cements, 
and after the sixth for strontium cements. 

During the process of vitrification, the formation of silicates of the alkaline 
material has been verified. The silicates for nine chemical compounds of alkaline 
materials are expressed in the following, and are analogous to tricalcium-silicate 
in Portland cement (calcium), the agent from which the hydraulic hardening of 
ordinary Portland cement results. (1) Two simple compounds : tristrontium- 
silicate (3SrO.SiO,), and tribarium-silicate (3BaO.SiO,). (2) Six double compounds 
2Ca0.SrO.Si0,, CaO.2SrO.SiO,, 2CaO.BaO.SiO,, Ca0.2Ba0.Si0,, 2SrO.BaO.SiO,, 
and SrO.2BaO.SiO,. (3) One triple compound : CaO.SrO.BaO.SiO,. 

Calcium cement, strontium cements, and barium cements have been exposed 
to the aggressive action of sea water in the Black Sea for fifteen years. Barium 
cements behave very favourably and have an extraordinary resistance to chemical 
attack in general and a nearly absolute resistance to the corrosive action of sea- 
water, qualities attributable to their very compact nature and their chemical 
composition. Consequently barium cement is useful in the construction of 
dams and important massive structures. It is also used for providing protection 
against X-rays and y-rays (as radiated in atomic fission phenomena) because of 
the considerable degree of absorption of these rays, due again to the chemical 
composition of the cement and to the high density of its constituents. Strontium 
cements are attacked by sea-water much less than are calcium cements (the 
ratio of the resistances is about 16 to 1), but more than are barium cements. 
Of the three simple alkaline cements, barium cement has the highest resistance 
to fire, strontium cement is the next best, and calcium cement is the least resistant, 
although calcium-barium cement is more refractory than barium cement and 
is, therefore, used as mortar in buildings and refractory linings for kilns. 

Calcium-barium cements are ordinary calcium cements in which some of the 
calcium oxide is replaced by barium oxide, that is the chalk or limestone is 
replaced by witherite. These cements are characterised by the formation of 
double compounds of alkaline materials : 


.<o 
} n.Al,O, 
n.Fe,O. 
| n.Fe,Al,O, 
These compounds are generally formed at temperatures higher than those at 
which the corresponding simple alkaline compounds are formed. Thus the 


x.CaO. y.BaO 
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double compound 2CaO.BaO.3SiO, corresponds in Portland cement to CaO.SiO, 
which forms at about 850 deg. C., whereas the double compound requires at 
least 1,200 deg. C. Calcium-barium cements in which from 5 per cent. to 25 per 
cent. of the chalk or limestone is replaced by witherite have interesting properties. 
With 10 per cent. the resistance to sea-water is greatly increased and the cement 
has a high resistance to attack by other chemicals such as mineral oils, distilled 
water, and solutions of sodium sulphate, common salt, magnesium chloride, 
and magnesium sulphate. 

The chemical compounds, that is the silicates, aluminates, ferrites, and 
ferro-aluminates of which alkaline cements are constituted are as follows: 

Simple compounds—Silicates: xCaO.SiO,; xSrO.SiO,; *BaO.SiO,. 
Aluminates: xCaO.nAl,A, ; xSrO.nAl,O, ; xBaO.nAl,O,. Ferrite : xCaO.Fe,O; ; 
xSrO.Fe,0, ; xBaO.Fe,O, ; Ferro-aluminates: xCaO.Fe,0;.Al,0, ; xSrO.Fe,Os. 
Al,O, ; xBaO.Fe,03.Al,03. 

Double compounds—xCaO.ySrO, xCaO.yBaO, and xSrO.yBaO, each combined 
with nSiO,, nAl,O,, »Fe,O;, and Fe,O,.Al,03. 

Triple compounds—xCaO.ySrO.zBaO, combined with nSiO,, nAl,0,, »Fe,0;, 
and Fe,Q,.Al,0O3. 

Only the elements calcium, strontium, and barium are capable of forming 
cements exhibiting hydraulic hardening. The metallic alkalis lithium, sodium, 
and potassium, and the elements magnesium, zinc, and lead, are incapable of 
forming hydraulic cements, the three alkalis forming in water compounds such 
as sodium silicate, which are not true cements. The three last-named elements 
form non-hydraulic cements, such as magnesia-cement, which also are not true 
cements. Theoretical and practical research on barium, strontium, barium- 
strontium, and calcium-barium cements may lead to the solution of problems 
associated with the constitution of cement, the heat of hydration, and other 
matters not at present explicable, such as setting, hardening, shrinkage, expansion, 
and strength. 


Eireann Standard Specification for Cement. 


“cc 


‘A NEW document bearing the reference “ Irish Standard 1: 1949’’ has recently 
been published and gives the standard requirements for Portland cement. The 
chemical and physical properties and the methods of testing are the same as given 
in the Standard published in 1946 by the Building Research Committee of Eire. 
These requirements were described in this Journal for March, 1947, and sum- 
marised in this Journal for May and July, 1949. The setting times of quick-setting 
cement are specified (initial set 5 minutes ; final set 30 minutes), as well as those 
for ordinary and rapid-hardening Portland cement. Copies of the Standard can 
be obtained from Government Publications Sales Office, 3-4 College Street, 
JJublin (Price 4d.). 
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Fluidisation Applied to the Lime and Cement 
Industries. 


FLUIDISATION is the physical phenomenon whereby a bed of granular material 
agitated by a current of gas passing through it exhibits some of the properties 
of a fluid. The theory of the phenomenon and its practical applications have 
been investigated extensively in the United States by Mr. Wolf G. Bauer, and the 
following notes have been abstracted from Mr. Bauer’s articles in several numbers 
of “ Pit and Quarry.” 

Fluidisation has been applied in America to catalytic processes in the petro- 
leum industry and in mineral separation. It is a method that may be useful in 
many gas-solid reactions and heat-exchange procedures, but the application of 
fluidisation to non-catalytic processes has not yet been considerably developed, 
although it has been successfully applied to the calcination of limestone, the drying 
of sand and minerals, the regeneration of spent reactive grains and powders, and 
the desulphurising of ore. An understanding of the phenomenon may suggest 
other applications in the cement and lime industries. Unlike many other processes, 
the results of small-scale experiments on fluidisation closely corroborate results 
from pilot plants and plants on a commercial scale. 

The Phenomenon of Fluidisation. 

The fluid state is a gas-solid state that in the mass exhibits certain similarities 
with a liquid-solid state, and some of the laws of solid particles in liquids apply to 
particles agitated by a flow of gas. The variations of fluidity with change of 
temperature and of the size, shape, and specific gravity of the particles are greater 
and act more quickly if a gas is the agitating medium. When a current of gas 
flows upwards through a bed of granular material lying on a grid, the drop in 
pressure of the gas is proportional to the thickness of the bed and varies as the 
square of the velocity of the gas up to the stage where the bed of particles begins 
to be lifted by the pressure of the current. As the velocity increases in a bed of 
particles at rest, the pressure increases until it is slightly more than the weight of 
the material and starts to lift the particles, and in so doing expands the spaces 
between the particles. In consequence the pressure drops because of the reduced 
resistance. 

The explanation of why, if the velocity is great enough to lift the particles, the 
particles are not carried away in the current of gas (that is why there should be a 
definite top surface to the gas-solid fluid), is that the steady current of gas passing 
upwards through the grid is broken up into many small irregular streams passing 
between the particles in the bed, and due to the constriction caused by the particles 
the velocities of these streams are greater than the initial velocity of the current. 
Although the initial velocity of the current may be less than the velocity required 
to lift a particle, the momentarily increased velocities may be sufficient to do so. 
Each stream after it passes between two particles widens, and therefore its 
velocity decreases, but is split and constricted again as it passes between the par- 
ticles in the next group. Upon leaving the uppermost particles the many separate 
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streams re-unite into a steady ascending current which, if confined in a container 
restricting lateral movement, has the same velocity as the current before passing 
through the grid. Thus although the initial velocity may be less than the lifting 
velocity, the particles may be agitated due to the locally-increased velocities, and 
the gas-solid fluid has a ‘‘ surface ’’ the height of which above the original surface 
of the static bed depends on the original thickness of the bed and the fluidising 
velocity, which is, however, independent of the thickness of the bed. As the 
initial velocity increases from that just sufficient to keep the particles in agitation 
to that just less than the carrying velocity, the thickness of the fluidised bed 
increases, the surface becomes less pronounced and more irregular, and the 
density of the gas-solid fluid decreases. At greater velocities the smallest and 
lightest particles begin to be carried upwards and out of the fluid. It is therefore 
apparent that there is a limiting range of size and specific gravity of the particles 
for fluidisation to occur with a given initial velocity of gas. 

Experiments made by Mr. Bauer show that the terminal velocity of a particle 
falling in a still gas, when the particle is very small (below 100 microns) and the 
velocity is less than 110 ft. per minute, is given by Stokes’s law, that is the velocity 
is proportional to D?, where D is the diameter of the particle. Particles of ground 
cements and limes are included in this range. For particles between 100 microns 
and 1500 microns, which includes sand, and velocities between 110 ft. and rroo ft. 
per minute, some disturbance of the gas is created and velocity is almost directly 
proportional to D reduced by a constant amount, and Allen’s law applies. For 
greater velocities and sizes turbulent flow occurs, and for particles from 1500 
microns to 10,000 microns and velocities from 1100 ft. to 6000 ft. per minute, 
Newton’s law is applicable. The special formule expressing the foregoing laws 
are: 


_ gD*sS 
«8p 
_ 0°15D(gS)3 
was 
1-74(gDS)} 
P 


Stokes’s law: V 
Allen’s law: V 


Newton’s law: V = 


The symbols, in C.G.S. units, are: g, gravitational acceleration (g81 cm. per 
second?) ; S, density of the solid particles ; P, density of the gas (000123 for air) ; 
and p, fluid viscosity in poises (0-00018 for air). 

The formule represent the terminal velocities of bodies falling in a still gas, 
and it has also been shown that, for the reverse processes of holding a particle in 
suspension at a constant level in an ascending stream of gas, the critical velocity 
of the gas is greater than the falling velocity of identical solid particles. The 
forces acting on a particle freely suspended in an upward current are gravity 
(downwards), frictional force and impact of the ascending gas (upwards), and 
buoyancy (that is the upward force due to displacement of the fluid). If these 
forces do not balance, the particle moves upwards or downwards. Fluidisation is 
governed by the relation of the forces acting on the particle, the resultant velocities 
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and pressures due to friction being the average effects of disturbances produced by 
adjacent particles. 
Comparison of Static and Fluidised Beds. 

In a static bed of packed solid particles the resistance to the passage of a gas 
is commonly expressed by the loss of pressure and is inversely proportional to the 
size or surface of the particles, and varies as the square of the velocity of the gas, 
within the range of velocities usual in kilns, heat exchangers, and the like. The 
resistance also varies directly with the density of the gas, which is an inverse 
function of the absolute temperature of the gas. If the flow of the gas is expressed 
not as a linear velocity but as the mass passing in unit time per unit of cross- 
sectional area available to the flow, temperature and density do not affect the 
calculation of the resistance. 

The actual cross-sectional area of a packed bed is only about 10 per cent. to 
20 per cent. of the total area. Therefore most of the voids are ineffective as they 
form eddy pockets and dead spaces behind down-stream surfaces. Thus the linear 
velocity of the gas is higher than if all the voids were effective as flow channels. 
As the velocity increases to the point where lifting begins a distinct drop in pressure 
occurs due to the sudden expansion of the flow channels, and the bed is no longer 
static and its volume increases by about 25 per cent. The low-energy fluidisation 
occurring can be maintained by a volume and pressure of gas slightly less than 
that necessary to cause the initial lifting because of the breakdown of inter- 
particle friction and arching. 

The pressure, at constant velocity, necessary to maintain fluidisation varies 
directly as the thickness of the bed and is independent of the size of the particles 
since it is a function of the bulk density which, for similarly graded materials, 
varies only slightly with the size of the particles. This state is very different 
from flow through a static bed where, due to increased friction, the pressure 
increases with increase in the thickness of the bed and with decrease in the size 
of the particle. 

The differences of greatest practical significance between static and fluidised 
beds lie in heat transfer. When a static bed is cooled by gas flowing through it the 
transfer of heat varies as the 0-7 power of the volumetric velocity and the 0-3 
power of the absolute temperature of the gas, and inversely as the 0-g power 
the size of the particle. In an extremely turbulent fluidised bed the heat transfer 
probably varies by more than the 0-7 power of the volumetric-velocity, but the 
heat transfer by radiation may be less than in a static bed, one cause being the 
blanketting effect of the cloud of particles interfering with the path of the rays. 


Methods of Fluidisation. 


The three principal systems of fluidisation are up-flow, down-flow, and open- 
channel flow, which terms are self-explanatory. The best method in any particular 
case depends, among other factors, on the object of the process, the volume of 
fluidising gas available, the time required, and the physical properties of the 
material. For example, if the object of the process is disintegration, as is the 
case with the action of steam on quicklime to form fine hydrated lime, the fluidisa- 
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tion apparatus may also act as a separator of treated from untreated or insufh- 
ciently treated particles. When the steam reacts on the particles, they break 
up and the smaller particles will be carried out of the fluidized bed by entrainment. 


Application to the Lime Industry. 

One of the first applications of fluidisation was in the lime industry for the 
separation of lime and core, some pilot plants and others having been installed 
in America for this purpose. The process is based on the ability of a fluidised 
bed to hold up pieces of lime and allow them to float on the surface of the bed. 
The ability of a body to float on a fluidised bed that has a lower bulk density than 
that of the body is due to the upward force arising from friction and impact that 
acts in addition to the forces of buoyancy and gravity. It is seen that there can be a 
multitude of ratios of size and density of the solids forming the bed and the 
substances to be subjected to sink-float separation in the gas-solid fluid, but in 
practice there are limiting ratios. If the size of the particles immersed for separa- 
tion approaches too closely that of the largest particles in the gas-solid fluid, they 


G LIME (Fiaar) 


FLUID Zone 
FORWARD CURRENT 


SMT ZONE 
= DOWNWARD NOVEMENT 
CORE (six) 


Fig. 1. 


may become fluidised themselves ; whereas, if they are much greater, entrainment 
velocities of the particles in the fluid are reached in order to provide sufficient 
total buoyancy. To obtain the best results from separation by fluidisation it 
is found that : (1) The sizes of the particles of the material to be separated should 
be within the closest practical limits ; (2) The material forming the fluidised beds 
should be of the highest true density and the smallest size and range of sizes ; 
(3) The effects of buoyancy due to friction should be reduced to a minimum and 
the buoyancy due to displacement should be enhanced. 

The following notes relate to the American lime industry but will undoubtedly 
apply in many respects to the British industry. Fig. 1 shows a typical lime-core 
separator designed to avoid the manual labour, which may be considerable in a 
lant using shaft kilns, required with a picking belt. When lime is soft-burned for 
the building trade or when kilns are not closely controlled, such a separator may 
not only effect an economy but a more uniform product may result. Most lime 
crushers make the lime fairly free from the core when crushing kiln-run lump lime. 
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By screening out the }-in. or 3-in. to dust fraction, the pebble lime and core can 
be readily separated by the device in Fig. 1. Graded sand (silica, alundum, 
carborundum, or even limestone) fluidised by air is made to flow in two directions. 
The combined core and lime is fed into the fluidised material. The surface current 
flows forward, carrying along the lime which floats on the surface and spills over a 
dam on to a vibrating screen which removes the sand. The heavy core and 
over-burned clinker sink through the fluidised bed into the static zone below the 
air inlets and so, together with some sand, pass through the outlet at the bottom 
of the hopper. The sand is separated and is returned for re-use, as is the sand 
screened from the lime. The pressure in the plant is just below atmospheric 
pressure in order to keep the operation dustless. The fluidising air is supplied 
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at low pressure, that is up to 3 Ib. per square irch. The lime travels 
through the separator in less than 30 seconds and is therefore not exposed to the 
air long enough to pick up a measurable quantity of moisture or CO,. 

The effective density of the gas-solid (air-sand) fluid can be adjusted by as much 
as I5 per cent. during the operation by altering the velocity of the air, and it is 
thereby possible to adjust the CO,-content of the lime. It is found that even if 
the ratio of the size of the crushed lime to the size of the core is as high as 5: I, 
the materials can be separated if the crusher has freed the lime from the core 
effectively. This means that a piece of core I in. diameter will sink and a piece 
of lime 5 in. diameter will float. A range of 1}-in. to 3-in. lime is well within the 
capacity of the plant. For the separation of materials of less range of size, as lime 
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from a rotary kiln, or where limes of different degrees of burning have to be separa- 
ted, the lime ean be screened into two or more closely-sized fractions and passed 
separately through a fluid-bed apparatus, each employing a different fluidising 
air velocity. The power required for the sand-elevator and blower is about 1 kw. 
per 10 tons of lime. 

Air Heating. 

The principle of air heating or cooling granular material by fluidisation is that 
air is passed through the bed of hot material at a speed to produce fluidisation. 
In this state the air is in more intimate contact with the agitated material than in 
the case of passage through or over a static bed, and thus more heat is abstracted 
by a given volume of air. A plant suitable for recuperation and air-heating com- 
prises two or more narrow grids or grates placed one above the other (Fig. 2). A 
suitable granular material is fed in at the top and is fluidised in passing over the 
two grates by hot waste-gas ascending through the grids. In the lower part of 
the plant, cold air is passed up through the heated bed of granular material and the 
heated air is drawn off for use elsewhere. 


The Rapid Determination of ‘Sulphur Trioxide. 
THE rapid and reliable nephelometrical method of determining the SO,-content 
of cement described in the following is used in the laboratories of Dyckerhoff 


Portland-Zementwerke A.-G. at Weisbaden-Biebrich. The description of the 
method is abstracted from a recent number of ‘‘ Zement-Kalk-Gips.”’ 

The solution of cement in hydrochloric acid is treated with barium chloride 
and poured into a vessel. The loss of brightness of a ray of light shining through 
the cloudy suspension is measured with a photo-electric cell and indicated on a 
milli-ammeter, the scale of which has a hundred divisions. Each division indicates 
4 X 10-7 amp. The SO,-content of the solution is obtained from a calibration 
table. The apparatus used is a colorimeter of German manufacture designed for 
use with a 100-c.c. glass beaker. Several of these beakers were calibrated for the 
investigation, the discrepancies in their sizes and wall thicknesses being taken 
into account. Lighting mains are unsuitable as the source of lighting for the small 
lamp used in this apparatus because the fluctuation of voltage is too great. There- 
fore an accumulator and a 4-volt bulb are used. The light is switched on only 
while measurements are being taken. 

Irregularities in the results first observed are explained by the effect of daylight 
or the lighting of the room on the photo-electric cell of the unenclosed apparatus, 
and it was therefore necessary to provide a light-tight case for it. The level of 
the liquid in the beaker inserted in the apparatus also affected the result, and, to 
eliminate the error caused by total reflection from the surface, it was necessary 
to place the same exact quantity of liquid in the beaker for every measurement. 
The production of a constant and uniform precipitate of BaSO, was difficult 
until solid BaCl, was used. On precipitation this gives a grain of constant 
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light-absorption, due possibly to the fact that every dissolved molecule of BaCl, 
is at once transformed into BaSO, which, with constant temperature and the same 
procedure, is always of the same size of grain. The procedure is as follows: 1 g. 
of cement is made into a paste with 100 c.c. of distilled water, diluted with 10 c.c. 
of hydrochloric acid (1 : 19), boiled, filtered, and washed. The filtrate is placed in 
a 250-c.c. flask and cooled to room temperature. The entire contents of the flask 
_ is then poured into a 400-c.c. beaker, treated with exactly 1 g. of finely-powdered 
BaCl,, and stirred for two minutes with an electric stirrer. 

The 100-c.c. beaker used for the measurement is inserted in the apparatus 
so that its spout points in the same direction each time. The beaker is then filled 
with exactly 95 c.c. of distilled water, the light is switched on, and the milli- 
ammeter set to read 100 by means of a variable resistance. The beaker is then 
emptied and refilled with exactly 95 c.c. of the solution immediately after being 
again stirred. The apparatus is covered with a light-tight case and the reading 
of the milli-ammeter is observed. 

For calibration of the apparatus, a number of samples of cement with various 
known SO,-contents (ascertained analytically by weight) is used. When the 
apparatus was being calibrated a few spare beakers were also tested. The results 
of some of these tests, from which calibration curves or tables were compiled for 
the direct measurement of the SO,-content, are given in the following : 


SO,-content. Beaker No. I. Beaker No. II. 
Per cent. 


1-28 Sc hd se ty we ae I'24 1-26 
1°58 ie ss és ee os ie 1-60 1-60 
1°81 oe a és rs a 1-82 1:77 
2°04 a a es a a a 1-98 1-96 
2°21 iY hs ma Bs ‘in 2:28 2°30 
2°35 A es ni ee os as 2°30 2°38 


The agreement is therefore as close as that customary in gravimetric analyses. 
The entire measurement is carried out in fifteen to twenty minutes and saves much 
time. It is particularly suited for a series of investigations. 


United States Cement Plant for Australia. 
CEMENT plant capable of producing 150,000 tons a year has been bought by the 
Metropolitan Portland Cement Co., Ltd., of Australia, from the Ford Motor 
Co., of Detroit, at a cost of £A306,000. The plant has arrived at Sydney, 
New South Wales, and it is expected that it will be erected at Granville, N.S.W. 
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New Cement Works Abroad. 
Spain.—It is reported in 
Hormigon ”’ that a new cement works is to 
be built at Hontoria in the province of 
Palencia, northern Spain, which will have an 
annual production capacity of 120,000 tons. 
The site has been selected because of lime- 
The company 


‘“* Cemento- 


stone deposits in the vicinity. 
formed for the purpose is Cementos Hontoria 
S.A. 

InpIA.—A cement 
Associated Cement Companies, Ltd., of India 
construction at Sevalia, 
“Indian Con- 


new works for the 
is in course of 
Gujerat. It is stated in the 
crete Journal’ that the production capacity 
will be 200,000 tons annually. 
PuERTo Rico.—According to 
News-Record,’ Caribe Cement Inc. are to 
construct a new cement near San 
Juan, which will have an annual capacity of 
about 133,000 tons barrels). 
Equipment from the United States will be 
installed. 


“ Engineering 
works 


(800,000 


Laboratory Equipment for Uruguay. 
A cALL for tenders for laboratory equipment 
and chemical products has been issued by 


the Administracion Nacional de Combustibles 
Alcohol y Portland. The closing date for the 
receipt of tenders is 4 pril 11, 1950. A copy 
of the specification (No. 1760), in the Spanish 
language, is available for inspection at the 
Commercial Relations and Exports Depart- 
ment (Industries Branch), Board of Trade, 
Room 1084, Thames House North, Millbank, 
London, S.W.1. « 


BOOKS ON CONCRETE 


“CONCRETE SERIES” 


books on concrete are available on 
practically every aspect of the de- 
sign and construction of reinforced 
concrete, precast concrete, the 
manufacture and chemistry of 
cement, and kindred subjects. For 
a complete catalogue giving prices 
in sterling and dollars, send a 
postcard to: 


CONCRETE PUBLICATIONS LTD 
14 Dartmouth Street, London, S.W.1 
England 
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MISCELLANEOUS ADVERTISEMENTS. 


SCALE OF CHARGES. 


Situations Wanted, 3d. a word; minimum 7s. 6d, 
Situations Vacant, 4d. a word; minimum Ios. 
Box nu 1s. extra. Vacancies advertised are 
restricted to persons or employments excepted from 
the provisions of the Control of Engagement Order, 
1947. Other miscellaneous advertisements, 4d. a 
word; 10s. minimum. 

Advertisements must r<ach this office by 
the 5th of the month of publication. 


SITUATION VACANT.—Refractory engineer re- 
quired, having a degree in metallurgy, glass tech- 
nology, or fuel technology. The post, which is per- 
manent, is an extremely interesting one, offering 
considerable scope for initiative and excellent pros- 
pects. Headquarters in London with opportunities 
of travelling. Commencing salary in accordance 
with qualifications.—Applicants between the ages 
of 25 and 85 should write, giving full details of 
qualifications, to Staff Manager, The Morgan 
Crucible Co., Ltd., Church Rd., London, 8.W.11, 





FOR SALE.—Two 8 in. and one 5 in. standard-type 
Fuller-Kinyon pumps, new. Also one 7 in. type F, 
fully reconditioned. To be sold at reduced prices. 
Suitable for pneumatic conveying of cement, lime, 
phosphates, and similar powdered materials. In- 
quirers please state material to be conveyed, 
tonnage, and conveying distance required —Box 
1730, Cement and Lime Manufacture, 14, Dartmouth 
St... Westminster, S.W.1. 





WANTED.—Horizontal diesel, oil, and paraffin 
engines, single-cylinder. Also lighting sets.—Hill, 1, 
Deanery Place, Exeter. 





ROZALEX LTD., 10 NORFOLK STREET, MANCHESTER 2 





